Picobirnavirus (PBV) belongs to the family Picobirnaviridae. Picobirnaviruses contain a bisegmented dsRNA genome that is non-enveloped. A total of 85 pooled faecal samples were collected from the poultry of 37 farms from the Metropolitan Mesoregion of Belé m (MMB), Pará state, Brazil. The viral RNA from each sample was analysed by PAGE and reverse transcriptase PCR (RT-PCR). For each county affected, at least one positive sample was selected, cloned and sequenced. The samples showed a positivity of 15.3 % (13/85) by PAGE and 49.4 % (42/85) by RT-PCR. Sequencing of these strains demonstrated a considerable RdRp gene heterogeneity that ranged from 56.1 to 100 % at the nucleotide level compared with prototypes of different species and water sewage, and from 50.3 to 100 % among themselves. Avian picobirnavirus (AvPBV) was detected in MMB broiler farms and showed a heterogeneous relationship with the prototypes used. This report includes what is believed to be the first gene sequencing of AvPBV in Brazilian broiler chickens.
Picobirnavirus (PBV) presents a non-enveloped particle of approximately 33-41 nm, containing a bisegmented dsRNA genome that is surrounded by a single-shell capsid. The genome is approximately 4.2 kbp. The largest segment, also known as genomic segment 1, is 2.2-2.7 kbp and encodes the capsid protein, and the smallest segment, also known as genomic segment 2 (1.2-1.9 kbp), encodes the RNAdependent RNA polymerase (RdRp) (Chandra, 1997; Haga et al., 1999; Duquerroy et al., 2009) . Based on differences in the genomic sequence of segment 2, PBV is classified into genogroups I, II, non-I and non-II (Rosen et al., 2000; Ganesh et al., 2012) .
Variation in the region of the PBV genome that encodes RdRp can generate diversity among strains of the same and different genogroups (Bruenn, 1993) . Most strains deposited in the GenBank databases belong to genogroup I. This bias may represent a relative failure to detect genogroup II due to the primers generally used in clinical specimens or to an extremely high prevalence of genogroup I strains around the world (Ganesh et al., 2012) .
In the early 2000s, a reverse transcriptase PCR (RT-PCR) was developed for the detection of PBV in human clinical specimens. This technique increased the detection rate by approximately 100 times compared with the PAGE assay (Rosen et al., 2000) . Currently, in birds, only the partial sequence of the PBV RdRp gene is available (Day et al., 2010) . Cloning associated with nucleotide sequencing has provided information about the genetic relationships between animal and humans strains, revealing the genetic heterogeneity of PBV (Bányai et al., 2008; Carruyo et al., 2008; Ganesh et al., 2011 Ganesh et al., , 2012 . In this study, we report the frequency of avian picobirnavirus (AvPBV) in faecal samples obtained from broiler chickens, with a subsequent molecular analysis of the partial RdRp gene fragment. Based on official numbers, 180 farms were indexed in this mesoregion (ADEPARÁ , 2006) . From August 2008 to May 2011, faecal samples from poultry litter were collected from 37 commercial chicken (genus Gallus) flocks. The faeces were collected at nine points in each poultry house, and a pool of these samples was considered to be one sample. Therefore, one pooled sample was equal to one poultry house. The number of properties and faecal specimens necessary to be included in this study was determined using the BioEstat (5.0) software program (Ayres et al., 2007) . The farms were chosen by the availability of integrators. Each farm was visited once, and the samples were collected in at least 30 % of the poultry houses. The age of these birds ranged from 1 to 45 days, and a total of 85 samples with no clinical signs of illness were collected during this period, including 38 in the rainy season and 47 in the dry season.
A 10 % faecal suspension of each sample was prepared in PBS. The suspension was homogenized and centrifuged at 700 g for 10 min. Viral RNA was extracted using 300 ml of the supernatant and guanidine isothiocyanate (Boom et al., 1990) . All RNA samples were tested by PAGE and RT-PCR using a set of specific primers, PicoB25+ and PicoB432, that target the PBV RdRp gene, amplifying a fragment of 200 bp to determine whether the sample belongs to genogroup I (Pereira et al., 1983; Rosen et al., 2000) .
In the first RT-PCR step, 3 ml extracted RNA and 20 mM each primer were denatured at 97 u C for 5 min in a thermocycler, followed by 5 min in an ice bath. Reverse transcription was performed in a final volume of 25 ml containing 16.5 ml RNase-and DNase-free H 2 O, 2.5 ml 106 first-stand buffer (Invitrogen), 1 ml deoxynucleotide triphosphates (dNTPs) (10 mM; Invitrogen), 0.75 ml MgCl 2 (50 mM; Invitrogen) and 0.25 ml reverse transcriptase (SuperScript II, 20 U; Invitrogen). The reaction was incubated at 42 u C for 1 h. PCR was conducted by adding 25 ml PCR reagents to the cDNA sample for a final reaction volume of 50 ml. The PCR reagents included 18.5 ml RNase-and DNase-free H 2 O, 2.5 ml 106 buffer (Invitrogen), 3 ml dNTPs (10 mM; Invitrogen), 0.75 ml MgCl 2 (50 mM; Invitrogen) and 0.25 ml of Taq DNA polymerase (2.5 U ml 21 ; Invitrogen), with the following cycling conditions: 94 u C for 5 min, 35 cycles of 94 u C for 1 min, 50 u C for 1 min and 72 u C for 2 min, with a final incubation at 68 u C for 7 min.
Preliminary analysis of the chromatograms of the first sequences obtained directly from the RT-PCR showed heterogeneity in some nucleotide positions, suggesting the coexistence of heterogeneous amplicons. Thus, at least one positive sample per affected county was selected for cloning based on its PCR products. Then, 13 amplified fragments of the RdRp gene were cloned into a vector (pCR II-TOPO; Invitrogen) and amplified in competent cells (Escherichia coli DH5a; Invitrogen). The cloning was performed using the TOPO TA cloning kit (Invitrogen) according to the manufacturer's protocol and subsequently subjected to PCR with specific primers for the RdRp gene using the same conditions to confirm the insert. Then, the products were purified using the commercial QIAquick PCR purification kit (Qiagen) following the manufacturer's protocol.
The purified DNA was subjected to sequencing in both directions using a BigDye Terminator kit (Applied Biosystems) and an ABI Prism 3130 Genetic Analyzer (Applied Biosystems). The chromatograms were analysed, and the sequences were edited using the BioEdit sequence alignment editor (v.7.0.9.1) software. A phylogenetic tree was constructed by the neighbour-joining method using a matrix of genetic distances established under the Kimura two-parameter model using MEGA 5.05 (Kimura, 1980) . The robustness of each node was assessed by bootstrap analysis using 2000 replicates. All sequenced strains were compared with the reference strains available in the GenBank database. The analysis included a fragment of 200 nt, which corresponded to nucleotides 659-859 of the RdRp gene, using the prototype RUBV-P (accession no. GQ221268) as a reference.
Thus, five to ten clones per sample were tested for PBV using the virus-specific primers PicoB432 and PicoB25+. Then, four or five positive clone plasmids were sequenced. To construct the phylogenetic tree, when clones from the same faecal sample showed 100 % nucleotide identity, they formed a single sequence compared with the others (Fregolente, 2010) . Thus, 64 clones were sequenced, with five each for 12 samples and four for AVE 54. Each sequence obtained from a clone was considered as a possible variant genome within each PBV. Thus, each of these partial genomes was designated by the letter 'v' followed by a sequence number. In the end, only 34 sequences were analysed, and the other sequences were removed because they showed 100 % nucleotide similarity and/or were of low quality.
Overall, 21 (56.8 %) farms were positive for AvPBV based on the PAGE and RT-PCR results. The analysis of 85 faecal samples by PAGE showed that 13/85 (15.3 %) samples had two genomic segments with the characteristic AvPBV long electrophoretic profile. All positive PAGE results were confirmed by RT-PCR. However, when all the samples were analysed by RT-PCR, the positivity increased to 49.4 % (42/85) associated with genogroup I (Table 1) . The The phylogenetic analysis of the 34 variants showed the formation of some groups, but they did not obey a regional distribution pattern or grouping of species. Several PBV variants observed in this study were related heterogeneously with other PBV reported in different countries and from diverse materials and/or species. The PBV variants of the present study shared 50.3-100 % sequence identity at the nucleotide level and 62.1-100 % at the amino acid level among themselves. Some variants clustered specifically with the prototypes included in this analysis [ Fig. 1 (grey boxes), (Bhattacharya et al., 2006; Bányai et al., 2008; Symonds et al., 2009) . However, to the best of our knowledge, no studies using PBV detection by RT-PCR in broilers are available. Different frequencies of enteric viruses have been found, and can be influenced by many factors, such as the study design, sensitivity of analytical method, species, country, weather conditions, strain virulence, management failures, study period, medical condition, physiological state, age, sample size and coinfection (Karim et al., 2007; Martínez et al., 2010; Ganesh et al., 2012) .
The comparative analysis of the results considering the age of the broiler chickens was impaired by the lack of studies performed in chickens focusing on this aspect. The highest AvPBV positivity was found in the faecal samples of chickens aged 35-49 days in a study conducted in southern Brazil (Tamehiro et al., 2003) . These findings corroborate with the MMB samples as the AvPBV highest frequency was found in chickens of 31-45 days. The higher detection of enteric viruses in some age groups may be due to factors such as age susceptibility, immunological aspects, differences in farming practices and stress conditions (McNulty et al., 1984) . The absence of seasonality found in this study may be related to the climatic conditions of the region, which did not show large variations in the temperature and humidity over the past two seasons.
Studies have shown that strains isolated in geographically distinct cases were more related to each other than to strains identified in the same outbreak (Bányai et al., 2008; Carruyo et al., 2008) . In the USA, identical PBV sequences were obtained from environmental samples recovered in different states (Symonds et al., 2009) . Similarly, reports were published by an Indian research group on detecting the heterogenetic nature of circulating PBV strains among humans and domestic animals from Kolkata, India (Ganesh et al., 2010 (Ganesh et al., , 2011 . The results observed in the MMB samples are consistent with the literature and highlight the rapid spread of PBV to new geographical locations around the world, which can be influenced by the presence of common ancestors belonging to different geographical regions or by the reduction of trade barriers among various countries.
Some PBV variants of this study showed higher similarity to prototypes of other species, such as those of humans and pigs (Fig. 1) . PBV strains can be transmitted from one host to another, which enables a broad host range for this virus (Bányai et al., 2008) . When PBV strains obtained from different species or sources of contamination are compared and phylogenetically close groupings are obtained, this result may be due to the conserved nature of the RdRp gene (Symonds et al., 2009) . Consistent clusters between the PBV samples obtained in different species are observed and may indicate interspecies transmission or exposure of these hosts to the same source of contamination (Ganesh et al., 2012; Wang et al., 2012) .
The molecular analysis of a short fragment of the PBV RdRp gene (168 bp) cloned from samples obtained from pigs found that the nucleotide similarity among genogroup I clones ranged from 54.5 to 100 % (Bányai et al., 2008) . Similar results were found in the MMB samples (50.3-100 %), confirming that the genetic variability in the studied region can be present even among samples collected from the same population. This observed diversity can be attributed to the small fragment size analysis, variability of the studied region or presence of mixed infections in the samples (Bruenn, 1991 (Bruenn, , 1993 Martínez et al., 2003; Fregolente, 2010) .
Different sequences originating from the same sample may indicate primer recognition of the various strains present in this sample as a result of a mixed infection (Carruyo et al., 2008; Bányai et al., 2008) . A study performed after cloning samples of different species (pigs, rodents, horses and rabbits) verified the coexistence of separate PBV populations in the same individual, with the presence of genomic variation and greater sequence variability in hosts that live in confined environments (Fregolente, 2010 samples than among themselves (e.g. 74 % between AVE 77v1 and AVE 77v3, and 99.5 % between AVE 77v1 and AVE 35v1). These findings may reflect the characteristics of the study population and sampling as the samples were collected as pooled faecal specimens in confined broilers, facilitating the presence of mixed infections in the samples collected, which was better demonstrated by using cloning prior to sequencing.
Our findings showed the presence of AvPBV in the MMB broiler farms. Partial RdRp gene fragment analysis showed a high genetic variability, with some variants clustered specifically with prototypes obtained in other animal species or water sewage. Generally, the variants in this study were more closely related among themselves than to the prototype used for comparison. This study is the first to our knowledge involving AvPBV gene sequencing in Brazilian broiler chickens. 
